Background: Concerns have been raised about the risk of dementia associated with antiestrogen adjuvant therapy in breast cancer, but study results have been inconsistent. We examined whether tamoxifen or other endocrine therapy was associated with dementia risk in a large population of patients with breast cancer.
Introduction
Adjuvant tamoxifen and aromatase inhibitors reduce the risk of recurrence in patients with breast cancer with estrogen receptor (ER)-positive tumors. Concerns have been raised about the potential for tamoxifen to impair cognitive function and increase dementia risk independently or in combination with chemotherapy, but studies have been conflicting (1, 2) . We examined whether tamoxifen or other endocrine therapy was associated with risk of dementia in a large population of patients with breast cancer.
Materials and Methods
As described previously (3), we used the Danish Breast Cancer Cooperative Group (DBCG) Registry to identify all women diagnosed with stage I or II, ERpositive breast tumors between 1990 and 2004 (4) . On the basis of DBCG data, we identified women prescribed with tamoxifen treatment for 5 years, other endocrine treatments including tamoxifen followed by aromatase inhibitor for a total of 5 years or more, or aromatase inhibitor for 5 years, and women not receiving endocrine therapy. We used the civil registration number, a unique identifier assigned to all Danish inhabitants, to link cohort members to the Danish National Patient Registry, The Danish Cancer Registry, and the Danish Psychiatric Central Research Register, to collect all diagnoses of dementia, osteoporosis, endometriosis, endometrial cancer, and brain cancer, as well as Charlson Comorbidity Index (CCI) scores (5-7).
We defined dementia as an incident diagnosis of Alzheimer's disease, Parkinsonism, vascular dementia, frontotemporal dementia, atypical Parkinsonism, or mild cognitive impairment using the first recorded diagnosis-the diagnostic criteria for dementia published by the Danish Dementia Research Centre. Follow-up began 1 year after breast cancer diagnosis to allow for an induction period and continued until breast cancer recurrence, diagnosis of brain cancer, death, emigration, or December 31, 2009.
We calculated crude dementia rates. Cox proportional hazard regression models were constructed to calculate HRs of the association between endocrine therapy, or endocrine therapy combined with chemotherapy, and dementia and took into account death as a competing risk. The study was approved by the Danish Data Protection Agency (2011-41-6705).
Results
The study included 16,419 women, after excluding those with preexisting dementia (n ¼ 659) or brain cancer (n ¼ 4). As shown in Table 1 , 37% were unexposed, 9.0% were tamoxifen-exposed only, and 54% were exposed to other endocrine therapy. Only 2.1% of unexposed patients received chemotherapy compared with 41% of patients exposed to tamoxifen and 30% of patients exposed to other endocrine therapy. Among unexposed patients, 87% had no comorbidity compared with 86% of patients exposed to tamoxifen or other endocrine therapyexposed patients. Crude rate ratio estimates were homogeneous within strata of CCI score and osteoporosis diagnoses before breast cancer. There were too few observations to stratify on history of endometriosis or endometrial cancer. Overall, there were 501 cases of dementia diagnosed during follow-up (Table 2) . Among unexposed patients, 4.0% developed dementia, 3.5% among tamoxifen only exposed patients, and 2.3% among patients exposed to other endocrine therapy.
Tamoxifen therapy was weakly associated with dementia risk [adjusted HR, 1.4; 95% confidence interval (CI), 1.0-1.9], but not after accounting for death as a competing risk (sub-HR, 1.0; 95% CI, 0.76-1.4). Tamoxifen use was not associated with a substantially increased risk of individual dementia diagnoses, except for a weak positive association with vascular dementia (HR, 1.6; 95% CI, 1.1-2.3), which diminished after accounting for death as a competing risk (sub-HR, 1.2; 95% CI, 0.82-1.7). Changes in the length of the induction period did not alter our findings. Chemotherapy did not increase the risk of dementia among tamoxifen-exposed patients.
Discussion
In this large population-based cohort study, we found no association between exposure to endocrine therapy and risk of dementia. Study strengths included an unselected breast cancer cohort. On the basis of DBCG treatment guidelines, all patients with breast cancer were assigned treatment and followed up with regular clinical examinations in a setting similar to a randomized controlled trial, which limited confounding from noncompliance and other factors (4). Implementation of new national treatment guidelines for breast cancer may take longer for some hospital departments than others; consequently, some patients might have been misclassified on the category of endocrine therapy. In addition, validity and completeness varies for dementia diagnoses in the registries and could bias results (8) . We lacked information on potential confounders; however, none of these variables are likely associated with receipt of endocrine therapy, which is almost entirely determined by ER status of the tumor in patients with breast cancer.
Our study does not support previous research suggesting adverse effects of endocrine therapy alone or combined with chemotherapy on dementia risk, but rather is consistent with research rejecting these hypotheses (1, 2). Our near-null results are likely driven by better survival and longer follow-up time for patients treated with tamoxifen or other endocrine therapy compared with patients not treated with endocrine treatment.
In conclusion, this study does not support adverse effects of tamoxifen or other endocrine therapies on risk of dementia in Danish patients with breast cancer.
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